Background: Injury severity scoring systems that quantify and predict trauma outcomes have not been established in Korea. This study was designed to determine the best system for use in the Korean trauma population. Methods: We collected and analyzed the data from trauma patients admitted to our institution from January 2010 to December 2014. Injury Severity Score (ISS), Revised Trauma Score (RTS), and Trauma and Injury Severity Score (TRISS) were calculated based on the data from the enrolled patients. Area under the receiver operating characteristic (ROC) curve (AUC) for the prediction ability of each scoring system was obtained, and a pairwise comparison of ROC curves was performed. Additionally, the cut-off values were estimated to predict mortality, and the corresponding accuracy, positive predictive value, and negative predictive value were obtained. Results: A total of 7,120 trauma patients (6,668 blunt and 452 penetrating injuries) were enrolled in this study. The AUCs of ISS, RTS, and TRISS were 0.866, 0.894, and 0.942, respectively, and the prediction ability of the TRISS was significantly better than the others (p < 0.001, respectively). The cut-off value of the TRISS was 0.9082, with a sensitivity of 81.9% and specificity of 92.0%; mortality was predicted with an accuracy of 91.2%; its positive predictive value was the highest at 46.8%.
Introduction
Trauma is a worldwide health problem, but its burden is skewed more heavily in developing or underdeveloped countries. [1] Disparity in regard to trauma in developing countries is due to a variety of factors, including lack of approved trauma centers, lack of highly trained medical professionals, and insufficient experience with trauma assessment tools.
The prognosis of trauma patients differs greatly among countries with and without a well-organized trauma management system; a study that compared the mortality rate of patients with an Injury Severity Score (ISS) ≥ 15 in lowincome versus high-income countries found that the mortality rate was approximately six-fold higher in low-income countries. [2] Such an enormous difference impedes the global standardization of predicting the prognosis of trauma patients and establishment of criteria to fairly ascc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. sess a country's trauma system. [3] Korea is a socioeconomically developed country that recently made progress in its health care system. However, a recent survey [4] showed a mortality rate of 35.2% among trauma patients whose deaths were preventable; thus, in terms of trauma management, Korea is similar to a developing country.
Korea is working on establishing an organized trauma system to decrease the morality rate of trauma patients whose deaths are preventable to 20% or lower by 2020.
An injury severity scoring system (ISSS) will be created to quantify the severity of trauma to compare and predict outcomes across different trauma centers and to quantitatively determine whether Korea's trauma system should be improved. [5] Since 1971, when an ISSS called the Abbreviated Injury Scale (AIS) [6] 
Materials and Methods

1) Study population
The data of patients aged ≥ 15 years who were treated 
2) ISSSs and the inclusion criteria
For each patient, the ISS, RTS, and TRISS were com- specifically, the AUC and 95% confidence interval were computed, and the pROC package was used to compare the three scoring systems.
[10] A p value < 0.05 was considered statistically significant.
Additionally, the cut-off values associated with the highest sensitivity and specificity values for each scoring system were estimated to predict mortality, and the corresponding accuracy, positive predictive value, and negative predictive value were obtained. The Youden Index [11] was used to compute the cut-off values.
4) Ethics statement
This study was approved by the Institutional Review
Board of Ajou University Hospital (AJIRB-MED-MDB-16-013). Informed consent was waived by the board due to the observational nature of the study.
Results
During the study period, 9,142 patients received inpatient treatment from the Department of Trauma Sur- Table 2 ). The predictive ability of the TRISS was significantly better than those of the ISS (p < 0.001) and RTS (p < 0.001; Table 3 , Fig. 1 ).
The cut-off values of each scoring system are shown in 
Discussion
It is critical to establish an ideal trauma scoring system due to its many uses, including predicting the prognosis of trauma patients, comparing treatment methods, using it as a triage tool during transport to a hospital or during transfer between hospitals, using it as a tool for quality management of trauma centers, using it as a preventive program, and using it as a research tool in trauma studies. [12] We used scoring systems that have been developed and widely utilized in countries in which traumatology has progressed, including Korea, to investigate the benefits and limitations of ISSSs. More blunt injuries than penetrating injuries occur in Korea compared to the United States because the use of guns is restricted. Thus, it is important to evaluate the applicability and outcome prediction ability of existing ISSSs primarily developed Table 4 . Cut-off value of each scoring system at the maximum sensitivity and specificity and the accuracy, positive, and negative predictive values of the receiver operating characteristic curve 
Fig. 1. Receiver operating characteristic curves of Injury Severity
Score (ISS), Revised Trauma Score (RTS), and Trauma and Injury Severity Score (TRISS) for predicting mortality in the study population. of the centers' operation. The Korean government has set a goal to reduce the mortality rate of preventable deaths to < 20% by 2020. However, the current mortality rate of preventable deaths, which was the baseline used to set the goal, was determined in a subjective panel review;
thus, the objectivity has been debated. Existing research and research efforts are lacking on the topic of ISSSs, so this debate continues. Currently, a trauma database is being established at medical facilities selected as regional trauma centers, but it is not available to general researchers because the reliability of the data is low; furthermore, no attempt has been made to establish Korean norms, such as the MTOS in the United States. Therefore, the present study's findings, which were based on data accumulated from the time that the first trauma department in Korea began to operate, would be helpful in establishing the foundation needed to operate these recently developed regional trauma centers and trauma system.
The ISS was first suggested by Baker et al. [13] in 1974, and it is a method for classifying trauma patients based on anatomic measures. It was founded on the AIS, which was created with the goal of categorizing the severity and type of injuries caused by a car crash, and it is commonly used as an anatomical indicator to classify injury severity. The ISS is intuitive in severity evaluation and mortality prediction, and it is well associated with the mortality rate. However, it is accurately calculated only in the presence of objective data such as accurate test findings, surgery or autopsy results, etc.; thus, it has a limitation in assessing the severity of an emergency patient at an early stage. [14] Additionally, the ISS is limited in that severity is not accurately reflected in some trauma cases,
as it does not indicate more than two overlapping injuries in the same area. Thus, some researchers have suggested the New Injury Severity Score (NISS) that sums the three highest AIS scores, regardless of the physical area.
[15] However, like the ISS, it does not include physiological indices, making it difficult to accurately predict the prognosis. A few studies have reported that the NISS did not differ from or was even worse than the ISS for predicting mortality, admission to the ICU, and length of hospital stay, [16, 17] and it is not widely used. In the present study, we confirmed the usefulness of the ISS in the Korean trauma patient population, and we found that its predictive ability was not poor. Particularly, the cutoff value of 15 confirmed the conventional criterion of using 15 points to define a severe trauma patient. [18] The RTS was introduced in the early 1980s, and it is the most widely used physiologic scoring system to classify trauma patients. [17] It uses three physiological parameters, the GCS, SBP, and respiratory rate (RR), to score injuries, with a minimum score of 0 and a maximum score of 7.8408. A lower score indicates a more severe injury; thus, a lower survival rate is estimated. The
RTS is excellent for predicting the mortality rate, it is
suitable to use before the trauma patient is transported to a hospital because it is based on indices easily obtained in the field, and it is widely used. However, the GCS and RR cannot be accurately assessed in intubated or sedated patients. Moreover, in many developing countries or areas where a trauma system is not well established, prehospital records are incomplete or difficult to rely on, and many patients go to their local hospital first before they are transferred to a trauma center; hence, there is a limitation in obtaining physiological parameters early. Yet, some studies have reported significant results from routinely using the data measured immediately after patients are transferred to the hospital to score the injury without adjusting for the time passed after the injury. [14, [19] [20] [21] [22] We made great efforts to obtain ambulance service records and the medical records from transferring hospitals and reviewed them meticulously to determine the earliest physiological values; the cases for which we were not able to obtain accurate values were excluded. We believe that such efforts resulted in an AUC value comparable to that in previous research. [23] The TRISS is a combined scoring system that was developed in 1987, [24] and it is based on the ISS as an anatomic component, RTS as a physiological component, and patient age as a comorbid component, resulting in a combined index for injury that complements each component. This scoring system is the most representative method to compute the probability of survival of a trauma patient, and it retrospectively applies a logistic regression model to compute the probability using the following equation; the solution values of which range from 0-1.
In the equation, α, β AGE, β RR, β SBP , β GCS , and β ISS are constants defined differently for patients with blunt trauma and those with penetrating trauma. In our study, we used the MTOS-derived coefficients revised in 1995. [25] We computed the ROC curves of the ISS, RTS, and TRISS; estimated the respective AUCs; and statistically compared them to determine the ability of each scoring system to predict the mortality rate, which is the most important outcome measure of trauma. Generally, when an AUC value from ROC analysis is 0.9 or higher, the method is considered highly accurate. [26] In our study, the AUC of the TRISS was 0.942, suggesting that it is a very accurate method for predicting the mortality rate, and it was statistically better compared to the ISS and RTS. It has been consistently reported that the TRISS has superior results for predicting the mortality rate of trauma patients in developed countries compared to other scoring systems. [27] [28] [29] Thus, the TRISS may play a very important role in predicting mortality in a developing country such as Korea where the trauma patient population is different from that of a developed country and no trauma system has yet been established.
We believe that the respective cut-off value of the ISSSs is significant. In particular, the cut-off value of 15 for the ISS is consistent with the convention of classifying a severe patient with a high risk of death with a score ≥ 15. If the medical staff that specializes in trauma correctly use the AIS codes and apply the ISS according to its principles, the ISS can be a very useful tool for assessing the trauma patient population in Korea. The cutoff value for the TRISS was 0.9082 (90.82% survival probability). To effectively utilize these values as a tool for assessing the objective probability of death, both the positive predictive value and negative predictive value must be high; however, in the present study, the positive predictive value was 46.8% and the negative predictive value was 98.3%. Cayten et al. [27] reported that the positive predictive value of the TRISS for predicting death was 21.5%, and it was only 16% in patients who experienced a fall from standing height. Karmy-Jones et al. [30] reported that the positive predictive value of the TRISS was only 16.1%. Given these previous findings, our finding of 46.8% is comparable.
There are a few limitations in the study. First, the number of patients transferred from another hospital was as high as 3,400, which was almost half of the total sample.
This may raise an issue regarding the measurement of the physiological parameters, which in turn affects the reliability of the RTS and TRISS results. To rectify this problem, we reviewed the prehospital records and consequently obtained results comparable to previously reported findings. Second, although the TRISS is a populationbased scoring system, we applied constants that were computed based on the patient population of another region comparable to the Korean patients, and the study was conducted at a single trauma center. Recently, an epidemiological study conducted by a trauma center in Japan reported a significant difference between the coefficients computed from the Japanese data and the MTOS coefficients, and the authors argued that patient outcome in a certain area should be assessed using the TRISS coefficients, which are modified according to the area.
[31] Considering this Japanese study, the present study's findings cannot be generalized to the Korean trauma population. Therefore, new TRISS coefficients should be computed in a large-scale multi-center study with Korean trauma patients who have unique characteristics, or an outcome prediction model for Korean trauma patients should be developed.
When establishing a trauma system, a trauma scoring system is very important. To create a scoring system for the patient population in a developed country that can be used worldwide, the scoring system first has to be evaluated in a developing country that is different from a developed country in terms of its socioeconomic state and maturity of its trauma system. Thus, we used existing representative trauma scoring systems, i.e., the ISS, RTS, and TRISS, and compared the estimated mortality rates of trauma patients in a developing country. The results
showed that these ISSSs can be very useful in assessing trauma patients in Korea, which is a developing country in terms of its trauma system, although the patient population is different from that of the country where the scoring systems were originally developed. Specifically, among the three ISSSs, the TRISS may be the most effective. However, additional research is needed to develop coefficients specific to Korea considering that the TRISS is a population-based scoring system.
